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initial movement in this action is now bciug taken by the Man- 
chester Stcam Users' Association, and should they sueeecd in bring- 
ing the measure they propose into operation, they will richly deserve 
the thanks of boiler attendants, boiler owners, and boiler makers. 
They will deserve the thanks of boiler attendants tbr saving the 
lives of some sixty or seventy of their number every year, many 
of whom are bread-winners, and by thus preventing a vast amount 
of' suffering, not of themselves only, but also of their families. They 
will deserve the thanks of boiler owners and bgiler makers for 
preserving them from a system of Governmental periodical inspec- 
tion, to which sooner or later they would otherwise inevitably sub- 
jeer themselves, and which could not fail to be harrassing, and to 
limit progress. They will also deserve the thanks of the public 
for the additional security they will have imparted to life and pro- 
perty. We give them our cordial support in the matter, and our 
best wishes for their success.--Mechanics' Magazine. 
ON THE BRIDGE OVER THE THAMES CARRYING THE WEST LON- 
DON EXTENSION RAILWAY,* 
BY Ms. LXWFORD, M. INST. C. E. 
THIS bridge was erected for the purpose of carrying the West 
London Extension Railway (which connects the North-Western and 
Great-Western Railways with Victoria Station, at Pimlico), across 
the River Thames, between Chelsea and Battersea, under the pro- 
visions of an Act of Parliament, which received the royal assent 
on August 13, 1859. The bridge consists of five segmental rches 
of wrought iron, each arch having a span 144 feet on the skew, 
with a rise of 16 feet, or ~th of the span. There are also, on the 
Middlesex side of the river, six, and on the Surrey side four, ]and 
arches of brick work, each with a span of 40 feet and a rise of 10 
feet. The total length, therefore, of the whole structure is 1,270 
feet. The abutments and piers of the five main openings are mas- 
sive pieces of  masonry, and are carried to a depth of 36 feet below 
Trinity high water mark, and 14 feet below the bed of the deepest 
part of the river. The soffit of the arches at the crown is 22 feet 
above the same point, i. e., Trinity high-water mark, in accordance 
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with the requirements o[' the Admiralty and the Conservators of 
the River Thames. The level of the rails is 26 feet above Trinity 
high-water mark. The width of the river between the two abut- 
ments is 776 feet on the skew, and 706 feet on the square. The 
width of waterway affbrded is 720 feet. The angle at which the 
bridge crosses the river is 75 degrees. The greatest depth of water 
is 22 feet below Trinity high-water mark, the average rise and fall 
of the tides at this place being about 13 feet 6 inches. 
The piers were constructed in coffer-dams, the inner row of piles 
being 5 feet from the outer edge of the lowest course of masonry, 
and were driven to a depth of 15 feet below the bed of the river; 
the ouger row were 5 feet from the inner row, and were,driven to a 
depth of only 8 feet from the same point, the space between the 
two rows of piles being filled with puddled clay. At the conclu- 
sion of the work the outer row of piles were drawn, but the inner 
row of piles were cut off level with the bed of the river. As the 
masonry of the piers proceeded, the space between them and the 
piles was filled with puddled" clay, well trodden in, to a height of 3 
feet above the bed of the river. Each pier stands on a bed of con- 
crete 2 feet thick, extending 3 feet beyond the lowest course of foot- 
ings. On the concrete is laid a course of York landings, 1 foot 
thick, and projecting 1 foot beyond the footings. 
The foundations are carried up in a brick, work to within 2 feet 
of the bed of the river, where there is a through course of stone 2 
feet thick. From this point to the springing of the arch, the pier 
is faced with picked face ashlar of Bramley Fall stone. There is 
a second through course of stone half way between the bed of the 
river and the springing, and the upper, or last 7 feet of the piers, 
including the springers (which are 3 feet thick), are entirely solid 
stonework. The two abutments are built similarly to the piers, 
except that they have hollow chambers, filled with gravel to a 
]aeight of 3 feet above the springing of'the arch; each abutment 
being just on the edge of the river required only half a coffer dam 
for its construction. All stone work of both piers and abutments 
above springing height is tool dressed. The concrete used in this 
bridge was composed of five parts of gravel to one of blue lias 
lime, and the mortar of two measures of sharp sand to one of the 
same sort of lime. 
Each of the river arches is composed of six wrought iron ribs, 
arranged in pairs, 2 feet 6 inches apart from centre to centre. The 
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arch or voussoir of tile four main or inside girders is tbrmed of 
inch vertical plates, 39 inches deep at the springing, and 24 inches 
deep at the crown, with double angle irons, each 4 inches by 3½ 
inches by ½ inch top and bottom, to which the flanges are attached 
by means of rivets., There is also a packing strip 8 inches by ½ 
inch between the angle iron and the flanges. The flanges consist 
of two } inch plates, 18 inches wide. The upper member of the 
inside ribs is a horizontal parallel girder, similarly constructed, but 
only 24 inches deep throughout i s entire length. The vertical web 
is ¼ inch plate from the pier to the point where the upper and lower 
member intersect, i. e., 15 feet from the centre of the arch, and from 
this point both vertical webs are ~ inch in thickness. The bottom 
flange of the horizontal girder consists of one plate I6} inches wide 
by } inch, two angle irons 3½ inches by 3} inches by } inch, and 
a packing strip 8 inches by ½ inch. The upper flange is 15 inches 
wide, all other dimensions being the same as those of the lower 
flange; but the top plate is slightly curved inwards towards the 
rails. In the two outside ribs the voussoir is constructed asalready 
described, but is 30 inches deep at the crown, and 39 inches at 
the springing. It may be as well to mention here that in these 
two girders, on the outside faces of the arch, all the rivets, except- 
ing those in the angle irons, are countersunk, no cover plate either 
being visible at the joints. The whole centre web presents, there- 
fore, the appearance of one smooth unbroken plate. This  centre 
web is a ~ inch plate, the two flanges are single } inch plates 16 
inches wide, the angle irons 3} inches by 3} inches by } inch, and 
the packing pieces 8 inches by } inch. The upper member is con- 
structed in the same manner as that of the inside rib, but it has 
throughout he whole span ¼ inch vertical plates, and is only 18 
inches deep at the crown of the arch. The upper flange is 18 inches 
wide, and is parallel with the lower flange, which is only 15 inches 
wide. The angle irons and packing pieces are of the same dimen- 
sions as those already described for the inside top members. The 
total depth of the girders, both inside and outside at the centre of 
the arch, is the same, viz., 48 inches. 
The sectional area of each of the four main girders is as follows: 
In the arch at the springing, 80 square inches; in the upper mem- 
ber do., 43 square inches--total, 123 square inches; and at the 
centre of the arch, where the upper and lower members are together, 
105 square inches, the mean average being 114 square inches. These 
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are the full sectional areas~ including the rivets. The voussoir and 
the upper horizontal girder of the four main girders are connected 
together by a lattice spandrel, composed of H.iron, of three differ- 
ent sizes, viz., 7 inch, 6 inch and 5 inch by ½ inch. A stiffening 
bar of flat iron, ~ inch thick, is added to each side of the H-iron, 
connecting the lattice bars throughout at the angles of intersection. 
In the outside girders the lattice and stiffening bars are all made 
of double T-iron, riveted together, thus ~, and of the same dimen- 
sions as the H-iron, i. e, 7 inches by 3½ inches, 6 inches by 3 inches, 
and 5 inches by 2½ inches, all ½ inch iron. Each pair of ribs is 
connected near the haunches by means of frames, composed of 
angle irons~ cross braced and riveted to the ribs, forming an open 
box girder. This principle is continued to the crown of the arch, 
where the voussoir and top girder unite in a double cell. Each 
i~air of main girders are braced together at the haunches by means 
of trellis transverse girders 2 feet 6 inches deep, carried up at equi- 
distant intervals to within 10 feet of the centre of the arch. There 
are seven of these in each half arch; they are composed of angle 
and bar iron, 3½ inches by 3½ inches by ½ inch. The top members 
of the main ribs are secured together by the cross girders, which 
carry the roadway; the arc fixed over the whole length of the 
bridge, 4 feet apart from centre to centre, and are composed of a 
middle web of iron, 10 inches deep, and ½ inch thick, the bottom 
of which is flanged with double angle iron, 3½ inches by 3½ inches 
by ½ inch, and the top with double channel iron, on the lower flange 
of which the buckle plate flooring rests. The cross girders rest on 
the lower flange of top main girder, and are secured in their places 
by iron knee-pieces, riveted through the centre webs. The main 
or bearing girders are again cross braced by diagonal rods, bolted 
to a centre plate, and to brackets riveted on to each of the angles. 
There are three sets of these tie-rods in each half arch. 
Upon the end of each arch or voussoir a plate of cast iron, 3 
inches thick is fixed, the back of which is planed quite true and 
even. These, again, fit into heavy cast iron shoes (weighing 2 tons 
each), let into the stone skewbaeks of the piers and abutments, and 
by means of wrought iron wedges are finally adjusted in their seats. 
Contraction and expansion are provided for as follows: Cast iron 
standards are bolted to the stone work of the piers and united by a 
cast iron frame~ secured with bolts and nuts. These standards have 
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recesses to receive the ends of' the horizontal girders, and secure 
them in position, at the same time allow for horizontal motion. A 
bed and bearing plate, planed perfectly parallel, are fixed under the 
ends of the horizontal girders, upon which they slide. 
The railway is a double line of mixed gauge, and is carried over 
the bridge by means of longitudinal timb6rs with transoms every 
10 feet. Ash ballast is used all over the bridge. A cast iron 
moulding is attached to the horizontal girder, throughout i s whole 
length, and a cast iron plinth is bolted on to the top of the same ;
an ornamental cast iron parapet is fixed on the plinth, and the 
whole is surrounded by a wooden hand rail. The iron of which 
this bridge is built was manufactured by the Shelton Iron Company, 
at Stoke-upon-Trent, and is, perhaps, better known as Lord Gran- 
ville's iron. In the experiments made for testing the quality of the 
iron, it bore a tensile strain of nearly 18 tons per square inch, with- 
out showing any signs of fracture. The H and T-iron used in the 
spandrils was rolled by the Butterley Iron Company. About three- 
quarters of the iron work was made and put together by Messrs- 
Calvert, of York, and, on the collapse of that firm, it was completed 
by Mr. Charles Lungley, the iron ship builder of Deptford. The 
contractor for the work, and, indeed, for the whole of the West 
London Extension Railway, were Messrs. Brassey and Ogilvie-- 
names well known in the railway world---and a sufficient guarantee 
that the work would be well and substantially carried out. The 
width of the bridge between the cast iron parapets is 80 feet in the 
clear. The total width of the piers from out to Out above spring. 
ing level is 35 feet 6 inches, and at that level, including the cut 
waters, 53 feet 6 inches. The total cost of the bridge was £104,000, 
or £82 per lineal foot, and £2 10s. per superficial foot. The ma- 
terials used in its construction were 2,000 cubic yards of con- 
crete, 11,100 cubic yards of brick work in mortar, 130,000 cubic 
feet of stone, 2,160 tons of wrought iron, 866 tons of cast iron, 2 
tons of lead, and 28,000 cubic feet of timber, exclusive of the 
piles. This bridge was the joint design of Messrs. Baker and Ber- 
tram, the chief engineers of the Great Western and North-Western 
Railways. It was opened for public traffic on March 2, 1863, since 
which date some hundreds of trains have passed over it daily, and 
I am not aware that, up to the present ime, any expense whatever 
(beyond the maintenance of the road) has been incurred, either in 
repairs or otherwise. The bridge was only 15 months under con- 
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struction, i. e., from the time the first stone was laid until a loco- 
motive passed over the river. The bridge was very severely tested 
on January 7, 1863~ by Captain Tyler. The narrow gauge load 
consisted of two locomotives and tenders, funnel to funnel, and two 
tank engines; total length of train 132 feet, total weight 176 tons. 
The broad gauge load consisted of two tank engines, in the same 
position as the narrow gauge engines, each drawing six loaded coal 
wagons; total length of train 276 feet, total load 292 tons; these 
two loads, collectively, being equal to about 2{t tons per lineal foot. 
First, the narrow gauge load passed over No. 1 arch at speed, the 
deflection 5-100ths of a foot. Second, the broad gauge load passed 
at speed--same r sult. Third, the broad gauge load on one road 
and narrow gauge on the other, both passed together over No. 2 
arch at speed. On going over No. I arch, No. 2 rose 3-100ths of 
a foot. On going over No. 2 it deflected nearly 10-100ths of a foot, 
rise and fall 13-100ths of a foot. Fourth, both loads were brought 
to rest on No. 2 arch, deflection ll-100ths of a foot. When the 
loads passed slowly over No. 3 arch, No. 2 rose 2-100ths of a foot, 
ri~e an d fall 13-100ths of a foot. Both loads remained stationary 
for some time on this arch, but no further deflection took place, 
and, with the removal of the load, the girders, rose simultaneously 
to their original height. Fifth, the same thing was done on No. 3 
arch with a precisely similar result. Sixth, the same experiment 
w~s made on the fourth arch, and in exactly the same manner as 
the fourth experiment--rise of arch 2-100ths of a foot, deflection 
10-100ths of a foot, rise and fall 12-100ths of a foot. Seventh, the 
the same thing was done on the fifth arch ; the rise was 2-100ths 
of a foot, deflection 8-100ths of a foot, rise and fall 10:100ths of a 
foot. The bridge was very steady throughout hese e~iments ,  
and there was very little lateral vibration, even when both loads 
passed at the same time in the same direction, either slowly or at 
speed. 
Hair Sprinp for Watohes.mA striking instance of the im- 
mense value a small piece of steel may acquire by the great power 
of skilled mechanical labor, is the balance-spring of a watch, 
From its extreme fineness and delicacy~ 4,000 weigh not more than 
one ounce, and exceed in value $5000. 
